for the Objective: To evaluate the pharmacokinetics and HIV viral load response following initiation during the third trimester of pregnancy of zidovudine plus standard-dose lopinavir boosted with ritonavir (LPV/r), twice daily, until delivery for the prevention of mother-to-child transmission of HIV.
Introduction
The WHO's latest recommendations for treating HIVinfected pregnant women and preventing HIV transmission to infants promote triple antiretroviral treatment for all women who need therapy for their own health, that is, CD4 cell count below 350 cells/ml [1] . For women who are not eligible for therapy, the following two options are proposed: zidovudine (ZDV) monotherapy from as early as 14-week gestation plus intrapartum single-dose nevirapine (SD-NVP) or maternal triple antiretroviral prophylaxis. Because of its potency and safety profile, lopinavir boosted with ritonavir (LPV/r) is one of the key antiretroviral components of these prophylactic strategies.
Studies in US pregnant women have shown a significant reduction in LPV plasma exposure with standard dosing [400/100 mg, twice daily (b.i.d.)] during the third trimester [2] and to a lesser degree during the second trimester [3] . This reduction in LPV exposure during pregnancy has been attributed to the physiological changes associated with pregnancy. Subsequently, higher LPV dosing during the third trimester with 533/100 mg (four soft-gel capsules) [3] or 600/100 mg (three meltrex 200/50 mg tablets) [4] , b.i.d., have been found to achieve similar LPV exposure to that in nonpregnant adults. However, studies [5, 6] in European women using standard LPV/r dosing during the third trimester reported that the majority of women maintained efficacious plasma trough concentrations. To date, no data are available on LPV/r drug exposure during the third trimester of pregnancy in other populations.
Within the context of a phase III, randomized study in Thailand (PHPT-5 trial -ClinicalTrials.gov Identifier NCT00409591), a regimen of ZDV plus LPV/r initiated during the third trimester is one of three different maternal and infant treatment strategies currently under investigation for the prevention of mother-to-child transmission (PMTCT) of HIV-1 in nonimmunocompromised women. The choice of the ZDV plus LPV/r combination, without lamivudine (3TC), a drug active against both HIV and the hepatitis B virus (HBV), was made to avoid the risk of hepatic toxicities after drug discontinuation in a population with a high HBV carriage rate (about 8% of pregnant women are hepatitis BsAg carriers in Thailand). Moreover, the results of the MONotherapy AntiRetroviral Kaletra (MONARK) study have shown the equivalence of LPV/r monotherapy with LPV/r in combination with ZDV and 3TC in suppressing viral replication within the first months of therapy among antiretroviral-naive patients [7] .
Because of the risk of lower lopinavir exposure with standard dosing during the third trimester of pregnancy, we investigated the pharmacokinetics and virologic response in the women randomized to receive ZDV plus standard-dose LPV/r at the start of the PHPT-5 trial.
Patients and methods

Study population
The study reported herein was performed at the beginning of the ongoing PHPT-5 clinical trial, a multicenter, phase III, three-arm, randomized, study, investigating the efficacy of three different maternal and infant treatment strategies for the PMTCT of HIV-1 in nonimmunocompromised women in Thailand. In one of the treatment arms, women are randomized to receive 300 mg ZDV, b.i.d., and 400/100 mg LPV/r (Aluvia 100/ 25 mg tablets, manufacturer Abbott Laboratories (Abbott Park, Illinois, USA), were used as the adult formulation is not registered in Thailand), b.i.d., from 28-week gestation until delivery. All HIV-infected pregnant women provided written informed consent and were enrolled if they were over 18 years of age, antiretroviral treatment-naive based on the women's clinical history except prior exposure to ZDV or SD-NVP prophylaxis for PMTCTof HIV, between 28 and 36-week gestational age, CD4 cell count of at least 250 cells/ml and had the following laboratory values within 14 days of enrollment: hemoglobin above 8.5 g/dl, absolute neutrophil count above 750 cells/ml, platelets above 50 000 cells/ml, serum glutamic pyruvic transaminase (SGPT) five times upper limit of normal or less and serum creatinine 1.5 times upper limit of normal or less. Exclusion criteria included patients who meet the criteria of classes III/IV of the WHO classification of HIV-associated clinical disease, evidence of preexisting fetal anomalies incompatible with life, active tuberculosis and contraindication to the use of LPV/r during pregnancy or at delivery. Among the women enrolled, concomitant drugs included only folic acid, ferrous sulfate, multivitamins, paracetamol, ranitidine and amoxicillin, none of which have reported significant drug interactions with lopinavir/ritonavir. Pharmacokinetic design and stopping rules Women randomized to receive ZDV plus LPV/r were scheduled to have intensive 12 h blood sampling after at least 2 weeks of treatment. Drug level analysis was performed 'real-time' and women were continually scheduled for LPV/r pharmacokinetic assessment until 25 women had evaluable pharmacokinetic results available. At the pharmacokinetic visit, a predose blood sample was drawn prior to the scheduled LPV/r dose, after which LPV/r was administered with a standard low-fat meal (rice soup with pork), and blood samples were collected at 1, 2, 4, 6, 8 and 12 h after dosing. Antiretroviral drug adherence was assessed by pill counts at each study visit.
Assessment of LPV/r pharmacokinetic data was scheduled a priori to occur after the first 6, 12 and 25 women had evaluable pharmacokinetic data available. The target LPV area under the concentration-time curve (AUC) was at least 52 mg h/ml, the 10th percentile for LPV AUC in nonpregnant adults [8, 9] . If three or more of the first six women, or four or more of the first 12 women or six or more of the first 25 women failed to meet the AUC target, one would have 90% confidence that the true rate of pharmacokinetic failure exceeds 10% [i.e., the lower limit of the 90% confidence interval (CI) will exceed 10%]. If any of the stopping criteria were met, the LPV/r dose would be increased to 600/100 mg b.i.d. in all women enrolled and pharmacokinetic sampling would be repeated on an additional 25 women at that dose. The analyses were presented to the PHPT-5 Data and Safety Monitoring Board (DSBM) assisted by a panel of independent pharmacokinetic specialists.
All adverse events were graded using the Division of AIDS Table for 
Antiretroviral drug level measurement and analysis
All blood samples were centrifuged and the plasma frozen at À208C until analysis. Lopinavir and ritonavir plasma drug concentrations were measured using a validated HPLC assay at the Faculty of Associated Medical Sciences, Chiang Mai University. The average accuracy was 103-112% and precision (interassay and intraassay) was less than 4% of the coefficient of variation. The lower limit of assay quantification was 0.078 mg/ml for lopinavir and 0.048 mg/ml for ritonavir [10] . This laboratory participates in the AIDS Clinical Trial Group, USA, Pharmacology Quality Control (precision testing) program [11] . Data were analyzed with WinNonLin (version 5.2; Pharsight Corporation, Mountain View, California, USA) using noncompartment methods.
Measurement of plasma HIV-1 RNA viral load Plasma HIV-1 RNA levels were assessed using the Abbott m2000 RealTime HIV-1 assay (Abbott Laboratories) according to the manufacturer's instructions (lower limit of detection, 40 copies/ml).
Results
Patient characteristics
The first 27 women initiating ZDV plus LPV/r in the PHPT-5 trial had intensive blood sampling during the third trimester of pregnancy to assess LPV/r pharmacokinetics. At study entry, median (range) age was 28 
Lopinavir and ritonavir pharmacokinetics
One woman was excluded from the pharmacokinetic analysis due to poor drug adherence. At the time of pharmacokinetic blood sampling, the median gestational age was 33 (30-38) weeks and the duration of LPV/r treatment was 2 (2-4) weeks. Individual lopinavir concentration-time curves are shown in Fig. 1 . At the planned interim analyses, two of the first six women and three of the first 12 women had an AUC below the target value of 52 mg h/ml, neither reaching the predefined stopping criteria and enrollment was continued. LPV/r pharmacokinetic parameters are presented in Table 1 . Overall, five of 26 (19%; 90% CI 8-36) women had an LPV AUC below the target during the third trimester of pregnancy. The weight and BMI of women with a LPV AUC exposure above or below 52 mg h/ml were not significantly different. One woman (4%) had a LPV C min below 1.0 (0.81) mg/ml, the recommended efficacy threshold for protease inhibitor-naive patients.
Amendment to the study: additional enrollment The LPV/r pharmacokinetic results were reviewed by the members of the PHPT-5 DSMB and pharmacokinetics specialists from the United States and Europe. They concluded at this time that the LPV/r dose should not be modified in the parent study but, because the criteria for increasing the dosing was close to being met, they recommended enrolling 12 additional women to decrease the possible effect of sampling fluctuations. The new stopping criterion calculated to trigger an LPV/r dose escalation to 600/100 mg b.i.d. was 10 or more of 38 women having an AUC below 52 mg h/ml. Twelve additional women randomized to receive ZDV plus LPV/r had pharmacokinetic blood sampling performed during the third trimester. The final baseline characteristics at study entry were: age 27 (19-43) years, gestational age 29 (28-36) weeks, weight 59.6 (45.0-91.6) kg, BMI 25 (20-35) kg/m 2 , CD4 cell count 441 (250-1327) cells/ml and HIV-1 RNA viral load 8326 (<40-402 015) copies/ml. Thirty-eight women were evaluable and their lopinavir and ritonavir pharmacokinetic parameters are presented in Table 1 . In the final analysis, seven of 38 (18%; 90% CI 9-32) women had an LPV AUC below the AUC target and 37 of 38 (97%) women had a LPV C min above 1.0 mg/ml. The weight and BMI of women with a LPV AUC exposure above or below 52 mg h/ml were not significantly different.
Virologic response to zidovudine plus lopinavir boosted with ritonavir HIV-1 RNAviral loads were measured at study entry, at the pharmacokinetic sampling visit and at delivery. At study entry, 22 of 38 women were antiretroviral naive when initiating ZDV-LPV/r, whereas 16 women had initiated ZDV prophylaxis before enrolling into PHPT-5. For these antiretroviral-naive women, the median (range) duration of ZDV-LPV/r treatment at the pharmacokinetic sampling visit and delivery were 2.7 (2.1-7.4) and 10.0 (5.6-12.7) weeks, respectively. The dynamics of the HIV-1 RNA viral load following initiation of ZDV-LPV/r in antiretroviral-naive women during the third trimester until delivery are shown in Fig. 2 . One woman stopped LPV/r between the pharmacokinetic visit and delivery (refer to Safety section). All 21 antiretroviral-naive women had a viral load below 400 copies/ml at delivery, and 11 of 21 (53%) achieved below 40 copies/ml. Among the 16 women who initiated ZDV prophylaxis prior to enrolment in PHPT-5, the median duration was 10 days (2-43) before LPV/r was added; all had a viral load below 400 copies/ml and 12 (75%) had a viral load below 40 copies/ml. Safety Study medications were well tolerated. One grade 4 event was deemed probably treatment related: a woman selfreported convulsions at 30-week gestational age with grade 3 hyperbilirubinemia and grade 2 SGPT (alanine transaminase) elevations. LPV/r was discontinued and the woman's hyperbilirubinemia decreased to grade 1 after 2 months. She delivered uneventfully a live baby. Two stillbirths occurred, one unexplained and one involving an abortion after physical injury, both considered unrelated to antiretroviral treatment. One woman developed a grade 3 and another a grade 2 diarrhea; both resolved within a couple of days. Five women experienced grade 3 hypercholesterolemia, hypertriglyceridemia or both, which resolved after delivery in all but one case. Grade reported included nausea, vomiting, hyperlipidemia, headaches and anemia.
Discussion
Standard LPV/r dosing in Thai women during the third trimester provided a LPV exposure similar to that in nonpregnant adults, suggesting that a dose increase is not necessary in this population. Ritonavir pharmacokinetic parameters were similar to those in HIV-infected US pregnant women. All women administered ZDV plus LPV/r during the third trimester had a viral load below 400 copies/ml and 62% below 40 copies/ml at delivery.
Other studies have also suggested that standard LPV dosing during pregnancy was sufficient for antiretroviral treatment-naive patients. In response to the data reported in US women, several studies assessed LPV trough levels following standard 400/100 mg (three soft-gel capsules, b.i.d.) dosing during the third trimester. Lyons et al. [5] reported that at median gestational age of 33 weeks (range 25-37 weeks), one of 21 women (5%) had an inadequate LPV trough level; three of 26 (14%) women had a plasma HIV RNA viral load above 50 copies/ml after a median of 10 weeks on therapy. In a similarly designed study, four of 26 (15%) women had a subtherapeutic LPV trough level at a median gestational age of 32 weeks. However, inadequate LPV levels were not always associated with a HIV-1 RNA above 50 copies/ml at the time of drug measurement and vice versa [6] . Other studies [12, 13] reported similar proportions of women with inadequate LPV trough levels during the third trimester with standard LPV/r dosing, with the majority also achieving viral suppression before delivery.
The comparison of the various published studies is made difficult by the fact that different criteria have been used to assess the adequacy of the LPV/r dosing in pregnant women, that is, achieving drug exposures (AUCs) equivalent to those in nonpregnant adults, or maintaining trough concentrations above those reported to be associated with virological suppression. The results of the original LPV/r dose escalation study, which identified the 400/100 mg dose for further development, were used to define the AUC target for pregnant women [8, 9] . It should be noted that, because of the inherent small sample size of such studies, it is not possible to accurately study the relationship between AUC and virological efficacy, thus the adequacy of dosing after the metabolic modifications during pregnancy had to be thought in terms of the ability to reproduce a distribution of AUCs not dissimilar from that observed in nonpregnant adults. The 10th percentile of the distribution of LPV AUCs observed in this adult population (52 mg h/ml) was selected as the value below which LPVexposure would be considered low; and the decision rule for dose increase was designed to ensure 90% confidence that the true percentage of pregnant women with LPV exposures below this target would not exceed 10%. The alternative approach is using plasma LPV trough levels to guide virologic efficacy. A LPV trough concentration above 1.0 mg/ml, approximately 15 times the half maximal inhibitory concentration, has been reported to correlate with a HIV RNA viral load below 400 copies/ml [14] ; however, others have concluded that LPV trough levels do not predict virologic response in naive patients [15] . Clearly, rationale for adopting either target exists. It is reassuring in the presented study that both the LPV exposures and trough concentrations results support the use of standard dosing in this population. More specifically, 31 of 38 (81%) Thai women had an LPV exposure above the AUC target compared with three of 17 (18%) US women [2] , and 97% had an LPV trough concentration above 1.0 mg/ml. Also, all seven women who had an LPV AUC below the 10th percentile for nonpregnant adults achieved a satisfactory HIV-RNA viral suppression at the time of delivery. Thus, for antiretroviral-naive women with no contraindicated concomitant drugs, there seems to be no indication that therapeutic drug monitoring would be necessary in this setting.
Our results confirm that although lopinavir drug exposure is reduced during the third trimester of pregnancy, by 22% in Thai women, this reduction is approximately half that observed in American women. The impact of pregnancy on lopinavir exposure may depend on the characteristics of the population. For example, the median body weight during the third ZDV plus LPV/r in Thai pregnant women Cressey et al. 2197 trimester was considerably higher in US women than in Thai women, 90 versus 61 kg. Indeed, an inverse relationship between body weight and lopinavir exposure has been reported in several studies [16] [17] [18] . Lopinavir is at least 98% bound to plasma proteins, alpha-1-acid glycoprotein and albumin, and during the third trimester decreased protein binding increases the LPV-free fraction, although this does not compensate for the total reduction in LPV exposure in US women [19] . Plasma protein concentrations were not determined in the presented study but it is possible that differences in plasma proteins binding between populations could contribute toward the higher lopinavir exposure observed in Thai pregnant women. Host genetic polymorphisms could also play a role. LPV is primarily metabolized by the cytochrome P450 enzyme 3A4 (CYP3A4) and is a substrate for the drug efflux transporter P-glycoprotein, coded by the ABCB1 gene. Functional variants of the ABCB1 were not associated with lopinavir plasma concentrations [20] ; however, recent evidence suggests that polymorphisms within the CYP3A and SLCO1B1 [a member of the organic anion transporting polypeptides (OATP) family] genes contribute toward variability in LPV pharmacokinetics [21, 22] . Differences between LPV/r formulations should be taken into consideration when comparing studies. The initial assessment of standard LPV/r dosing in US pregnant women used the original soft-gelatin capsule of LPV/r, whereas the new LPV/r tablet formulation was administered in the current study. The LPV/r tablet formulation is bioequivalent to the softgelatin capsule after administration with a moderate-fat meal but bioavailability of LPV is approximately 18% higher with tablets compared with capsules [23] . This higher bioavailability may also have contributed toward the somewhat higher LPV exposure observed during the third trimester of pregnancy in Thai women with standard dosing. Finally, sampling fluctuations and attributes such as diet, smoking or herbal intake could explain the differences between studies in lopinavir pharmacokinetic during pregnancy observed.
As discontinuation of 3TC after 3 months of treatment in a population with a high rate of HBV coinfection ($8% of pregnant women are hepatitis BsAg carriers in Thailand) can trigger HBV rebound and hepatic flare [24, 25] , the regimen tested in the PHPT-5 trial did not include 3TC. Nevertheless, the HIV-1 RNA virological response after ZDV-LPV/r initiation during the third trimester was rapid. After a median duration of LPV/r treatment of 10 weeks, all women had a viral load below 400 copies/ml at delivery, with 62% achieving less than 40 copies/ml. This virologic response is consistent with that reported in the MONARK trial in which, using either ZDV/3TC/LPV/r or LPV/r monotherapy, approximately 60, 80 and 90% of patients achieved a viral load below 400 copies/ml at 4, 8 and 12 weeks, respectively, and 20, 50 and 60% of patients achieved less than 50 copies/ml. The efficacy of the ZDV-LPV/r regimen for the PMTCT of HIV is still under investigation in the parent trial. However, the risk of transmission with a viral load less than 400 copies/ml has been shown to be extremely low [26] .
The reduction of LPV drug exposure associated with pregnancy was less pronounced in Thai women than in US women. Standard LPV dosing appeared sufficient and the ZDV plus LPV/r regimen initiated during the third trimester of pregnancy achieved adequate virological response at delivery. These results are likely applicable for women in the many clinical settings around the world who have similarly low body weights during the third trimester of pregnancy; however, concomitant drug use, diet and available drug formulations should also be taken into consideration.
